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Itf eVQi tiae of iipooepBde prgpaiaflopa 

Field of the lnvantipn 
5 Hie present invention relates to a novel use of fipopeptide prepar^ons. 
Background of the invention 

Disruption or destablltsation of a hydrophobfe^ytfrophilic Interface Is a common feature of 
10 several Mological pinenomena ni<e virus fusion^ lipid metabonsm, neundtoxfc mechanisms. 

One of the motifs Involved in the mechanism Is a tilted peptide. This peptide has the 
particularity to have a hydrophobfoity gradient which gives it a tilted orientation in the l^id 
biiayer of a membrane, and is themfore refenred to under the name of "iaited peptide^ 

15 This kind of peptide has been found In proteins involved tn tha fusion of virus (iiice for 
exampfe Simian and Human Immunodeficiency ^^njs, Ebola, Newcastle Disease virus. 
Bovine and Murine Leuicaemia Vims, influence Virus) lArfth the host cell, in lipid 
metabolism (I^olytica en^fmes, apoHpoproteins, ...). in signal sequences, In membrane 
proteins, in the fusion of spermai£»on tivith ovum and also in neurotoxic proteins involved 

20 in neurodegenerative diseases once Alzheimer's cRsease). 

The general ciiaracteristics of several tilted peptides from the literature, namely LINS et al. 
In PROTEINS : Stmcture. FuncHon and Genetics 44: 435^47. 2001 and BFiASSEUR, in 
lUlolecular IWembran© Biology, 1 7, 31-40, 2000 ana presented in Table 1. 

25 

in this table« under "Protein or Vims", one m^I find the name of tha protein or the vime in 
which the tilted peptide is detected. The foitowing abbreviafiona ans used ; 

- SIV and HIV: respeetlveiy, Simian and Human Immunodeficiency Vims; 

- NDV: Newcastle Disease Vims; 
30 - Ibct: bactarforhodopsfne; 

- BLV and IWLV: respectively, Bovine and Murine Leukaemia Vims; 

- LCAT: Lecithin Cholesterol Acyl Transferase; 

- CETP: Cholesteryl Ester Transport Protein; 

- HLP: Hepatic Upase; 
35 - LPL: Upoprotein. 
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Table 1 : General (^aracteristios of sevemf tiKed peptides from the literature 





AminD 


Maanlno in 






acids 






numbsr 






SIV 


12 


528-53d 




ill V 


12 




AVQIGALPLGFL 


p Amyioia 






N3r\I 1 v3 uj VI V *J> v5» V V l/\ 


p AfTiyiOlCi 






V?^ 1 1 UlUiVI VV3 V3 VV 


Measles virus 






nr\V3 V V L/\\9l/vU«%9 


NDV 








fc3 ifc ■ ■ ■ ■■■■ ■11. jM %§trt IS 

Kous saroome virus 


17 






iDCt 


16 




\/T\A/f \Af^AVOVAAA/l IHt, 




|0 


1Qlw919 




oencidi virue 


■17 






BLV 




9m.9Rn 


ftPVAAl Tl A1 


hill \/ 


17 
1 * 




VOL. 1 L/>UUUV7V7U 1 IwlVsl 


Yeast invertase 


1Q 

15? 


1 10 
I- IS? 




Murine leukaemia virus 


17 






Ebola 


17 


524^ 


GAAIGLAWIPYFQPAAE 


Human orfon 


18 


118-13S 


AGAW6GI.GGYML6SAM8 


LCAT 


13 


56^68 


DFFTIWLDLNMFL 


Influenza HA-2 


20 


1-20 


GLFGAiAGFIENGWEGMIDG 


ApoB 100 human precursor 


12 




RPALLALLALPA 


Hepatite 3, S protein 


16 
13 


1-16 


MENITSGPLGPLLVLQ 


Human Apo A-ll Salcacin P 


58-70 


TELVNFL8YFVEL 


CETP 


16 


461-476 


FGFPEHUI-VDFLQSLS 


IWeftrlne 


14 


691-803 


VIQTNAVSIETNIE 


Human Apo M\ 


18 


53-TO 


IKKAOTELVNFLSYFVEL 


HLP 


13 


234-246 


Fmi-YRHIAQHGF 


LPL 


13 


218-230 


IGEAiRVIAERGL 


Fertlllne 


17 


83-89 


D8TKCGKUCTGIS8IP 



Tire intematfonal code for the repreeentaflon of amino acids is used hereta either In the 
5 forni of the one-letter code as used above or In the form of the Ihreenletter code where 

appropnate. For the avoidance of doubt, the oode as used is reprodu<»d herein below fn 
table 2. 

Table 2 : Amino acids code 



One-letter code 


Amino add name 


Three-letters code 


G 


Glycine 


Gly 


P 


Proline 


Pro 


A 


Alanine 


Ala 


V 


Valine 


Val 


U 


Lsudne 


Leu 
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3 


1 One-letter code 


AfnlnQ 9cld riATTio 


Thnee-fetters code 


P 1 


isoieuctne 


He 


I U 


Meinianfne 


' Met 


1 ^ 


Cysteine 


Cys 


j F 


Phenylalanine 


Ph© 


1 Y 


Tyosfne ~ 


Tyr 


1 W 




Tip - 


1 H 


HisticHne 


Hfs 


1 


Lysfne 


Lys 


f R ■" 


Art|(nlne 




L 


vaiutainine 


Gin 




Asparagine 


Aan 


L ^ 


«iuiamieA(Scl 


Glu 


D 


AspaifloAoS 


Asp 


8 


serine 


Ser 


T 


inreonfne 


mr 



Up to day, the 
cure. 



in Which tilted peptides are Involved remain extremely difficult to 



10 



15 



State nfti^p 

•■raifUMiienteactlwWaa >«*-e.0«),0B5 dl«aoM pepudes Which exhibit 
ItlTZT.""^"' '■ ""^r*^. fflochlntea « Btophwlc Acta l»o 

Siimmaiv tha rmwuf^y^jj 



It has now been sujprfeingly ftmnd that 
antwiifBd-peptlde agente. 



Je preparations may be used as 
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4 

Dcflnlflons 

As used herein, the following terms must be undar^tood according to the definitions given 
below. 

5 

The term "Ulted peptide** refers to peptide comprising 10 to 30 amino adds and prasenting 
a heDooTc^l eeoondary starctuna vinth en axjs formfng an angle of 46 d: 20 " with respect to 
the plane of the membrane. 

10 The term "anthtilted-peptide ^anf' refers to maiecules able to inhibit or limit l^e 

destabiKsation effect of a tilted peptide on a hydiophoMo/hydrophillo interface, for instance 
on membranes. 

The temi ''lipopeptide'^ refers to a molecule having a cyclic or linear peptidic part and a 
XS lipldio part consisting {n a fatty acid chain. 

The term Hlpopeptide prepamtion" mfers to a preparation containing at least one 
Itpopeptide. either alone or in comlsination with at least one other component, 

20 The term ^'derh^tives of lipopeptides" encompasses molecules in which at least a moiety 

has been modified, as fbr Instance, esters of (ipopepttde, amides of llpopeptlde. sulfonated 
aminGmethane derived of iipopeptldes, llpopeptldes with a different succession of amino 
acids, and the like. 

25 The term "lipopeptide f^mily^ refsrs to a family of ilpopeptide having aii a common pepfldic 
bac(d3one and different lipldio parts having different carbon chain lengths and isomeries. 

The term ''crude ilpopeptide mixture** reltens to a preparation containing a mixture of 
surt5actins , iturins and fengydns, each containing various homologous mofecules having 
30 difiisrent fatty acid chain lengths and isomeries, as well as other molecules such as 

carbohydrates^ amino acids, pigments, trace elements, the proportion of the other 
molecules being Inferior to 25 %. 



35 



The term "ilpopeptide mixture" refers to a preparation containing lipopeptides of cHfi^rent 
liamiRes. 
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S 

The tern " lipopeptide homologous refers to a lipopeptide of a given lipopeptide family 
having a specific number of carhon atoms and feomery tn rts fatty acid chain. 

The term "aerojalo oonditions" relates to conditions, In a proo^ for the produeHon of 
lipopeptide preparation wherein the aeration rate is usual fn the field 



The temn ''micrcaerobic conditions" relates to conditions, in a process for the production of 
lipopeptide preparstions, wherein the aeration rate is reduced vIs-^^^'s the aerotric 
conditions. 

10 

Description^of the Invention 



The present invention relates to the use of lipopeptide preparations as anli-fflted*pepiide 
agents. According to a preferred embodiment the lipopeptide preparafions comprise 
IB RpopepHdea vifhidft are selected from the group consisting of <^cllc and linear llpopeptldes, 
their homologous and dertvallves and miMures thereof. 

Preferably, the cyclic lipopepUdea ans selected from the group consisting of surfacaina, 
(tun'ns, and fengyclns. 

20 

Surfactins may have fomnufa (I) 

^O-^LAAi ■-►ULeu -►DLeu 

CH3(CHa)CH(CH2)fl CH 

O 4- L AA7 ir-D Leu Asp 

Wherein the totaf number of camon atoms in the fatty acid chain Is comprised between 12 
to 17, n being comprised between S and 11, AA, fs Qfu or Gin, AA4 is Val or Ala and AA7 
is Val, He or Ueu. Preferably, the surfacsins are selected from tiie group consisting in a 

30 Burf&ctin wherein n Is comprised between 7 and 9. AAi is Qlu, AAa fa Val and AA^ is Leu. 

In a particular embodiment, the surfiactins ana selected ftam the group consisting of an 
teo-branched p-hydroxyled fatty acid chain containing 13 carbon atoms (SC13), a surfectin 
vm a linear p-hydroxyled fatty acid chain containing 14 carbon atoms (8014), and a 
suriiacHn with an Iso-branched p-hydroxyled fatty acid chain containing 15 carison atoms 

3S (SC15). 
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Iturfns may have fonnula GO 



;o -fLAAi -fDTyr -^DAsn 




wherein the total number of carbon atoms in tiie My add chain Is comprfssd between 
trom 13 to 17. n befing ramprteed between 6 an0 10, aAi is Asn or Asp, AA* fa Girt, Pro or 
Ser, and AAs Is Pro. Giu. or Qln, AAs is Asn or Ser, and AA7 Is 8er, Asn or Thr. 
Pr^erably, the iturins are selected from the group consisting in an iturin wherein n Is 

10 comprised between 7 and 10, AAi Is Aan, AA4 la Gin, AAe is Pro. AAa Is Asn and AA7 is 

Ser. in a particularly prefened embodiment, the iturlns are selected from the group 
consisting of a linear 0-amino fatty add chain containing 14 carbon atoms (IC14), an itunn 
with an iso-branched p-^mfno fatty acid chain containing 15 carbon atoms (IC15). an iturin 
with an isohbranohed or linear p-amino fatty acid chain containing 16 carbon atoms (IC16), 

15 an iturin with an anteiso-branched 0-amino fatty acid chain containing 17 eaiton atoms 



Fengyiane may have fomiuls Oil) 

CH9(CH2)„CHOH(CH2>CO->LGIu -►DOm-> AA9 -►D Alio Thr -fl-Olu -►□AAa 

20 I. -I- 

O <-L lie ^ AAb Gin f-L Pro 

Wherein the total number of carbon atoms in the fatty acid chain is comprised between 
from 12 to 18, n being comprised between 8 and 14, AA3 is D Tyr or L Tyr, AA$ is Vaf or 
Ala, and AAs is U Tyr or D Tyr. Preferably, fengycin is fengycin A with a p-hydroxyled fatty 
85 acid chain containing 16 carbon atoms (FACIS), wherein AAa is D Tyr, AA e is Ala and 
AAa la L Tyr. 

In a preferred embodiment of the invention, the lipopeptida preparations comprise at least 
two ilpopeptides, which preferably belong to diffierent iipopeptide families. One of the 
30 Ilpopeptides may be selected from the group consisting of SC13 and SC15 and the ottier 
iipopeptide may be PAC16. 



(1C17) 



35 



According to this Invention, the Ilpopeptides may be obtained by a method chosen from 
biosynthesis by a micro-o^anism, chemical synthesis and chemical modifications of 
blo^nthetised Ilpopeptides. 



i£.DEC.^02 15i 



081614544 FIBRG BIB 



N0153 P. 14/46 

005 20,12.2002 14:45:1 



7 

The micro-organfsm may be chosen from the group consisting in Pseudomonas spp, 
Bacfllus spPm Arthroba<aer spp, Streptomyces spp„ Sen-atla spp., Gluconobarter spp., 
and Agrobacterium spp. TTie species may be chosen from Vne group consisting of Bacillus 
subtnie, Bacillus lloheni^rmis, and Badllus globtgH, Streptomyces aurBntiacus. 
5 Arthrobacter MIS 38, Serratia marcesoens, Gluconobaoter cerinu, and Agrobacterium 

tumefaciens. Pnsferably, the Baoillus subtilte is a stnafn chosen from the group oonslsting 
of ATCC 7067 and S499. 

The invention also relates to a process far the production of a llpopeptfde preparation 
10 according to the Invention , which oomprtses an aerobfo step followed by a microaerobic 

step. In a particularly pretened embodiment, the process produces a foam containing a 
concentrated mixture of different lipopeptide families 



DetaBei;! deacrin«on-Pf-the Inventton 

X5 

The invention will be further Illustrated below by the description of some ways of canying it 
out, with reference to the appended fgures, when^in : 

Fig, 1 represents the fluorescence Intensity evolution as a function of time for large 
20 unilamellar vesicles (LUV) mixture In tlie presence of 81V tilted peptide at a concentration 

of O.geSpM or in the presence of DMSO; 

l=Ig. 2 represents the percentage of cliarged LUV fusion Induced by SIV tllted peptide at a 
concentration of 0.e66|jM in the presence of different ooncentratlons of lipopeptldes or 
25 lysophosphatidylcholine In a Trts NaCi bufRar at pH 8,0. 

Rg. 3 represents ifie percentage of charged LUV fusion Induced by SIV tilted peptide at a 
concentration of 0.966pM In the presence of a mix of SC13 and FAC16 in pmportron 1:1 
at a concentration of 8.05x10*^ |jM in comparison with the activity of SC13 and FAC16 
30 atone at the same concentration in a Trls NaCI buffer at pH 8.O.; the white rectangle 

represents the expected value. 

Rg. 4 represents the percentage of uncharged LUV flision Induced by SIV tilted peptide at 
a concentration of 0.986|j|tf In the presence of drfferent concentrations of SC15 and 
35 fengyclns mixture in a Trls NaCI huffier at pii 8.0. 
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Fig. 5 represents the percentage of uncharged LUV fusion induced lay SiV tilted peptide at 
a concentratiQn of O.S66piy/l in the presence of different concentrations of 8C15 and 
fengyc^ns mb(tum In a Trie buffer vfiUiout NaCi at p|-i 8.0, 

5 F^. 6 represents the percentage of changed LAJV iijsion induced by SIV tilted peptide at a 

concentraton of O.S66(jM in tha presence of dif^rent oonoentraHons of iipopeptides in a 
Trie NaCI buffer at pH 7.4. 

Fig. 7 reprrasnts 0ie percentage of charged L.UV fusion induced by SIV tilted peptide at a 
10 concentration of O.S68pM in the presence of a mix of SC15 and FAC16 in differertt molar 

proportion at a concentration of 1,29 pM in a Trie NaCl buffer at pH 7.4.; the dashed line 
repreeente the esqaected value. 

F(9- 8 represent the percentege of charged LUV fusion induced by Bordeteng pertussin 
15 fitted p^de at a oonoentraSon of 2.42 pM In the presence of 8C1 6 or FAC16 at different 
concentrations in a Trie NaCI buffer at pH 7.4 

20 1. Produetfon ofliponentfdes 

BaaiHus subtifis S 489 is well icnown from the literature : PEYPOUX et a/., in European 
Journal of Biochemistty, Vol. 202, 101-106, 1991 ; JACQUES et al, in Applied 
Biochemistiy and Biotechnology Vol. 77-79, 223-233, 1999; AKPA et a/., in Applied 
25 Biochemistiy and Biotechnology, Vol. 91-93, 551-561. 2001; HB(D et a/„ in Applied 

Bioohemistcy and Biotechnology, Vol. 67-58, S71-S79, 1^8, and RAZAFINDRALAiUIBO ef 
a/., in Journal of Chromatography. Vol. 839, 61-85, 1993. This strain was Isolated by Dr. 
iJicien DELCAMBE, (Centre National de PrtJductlon et d'Etude des Substances d'Origine 
Miorobienne in Lidge) firom fturi, c^ngo. 

30 

The strain was grown on a solid rich medium felucose 2%. peptone 1% and yeast ex&act 
1%) at 30 *C during 48h. A colony was then used to Inoculate 100 ml of optimised 
medium and grown at 130 rpm (Incubator Shater Model 625. New Brunswick, NJ, USA), 
at 30*C for 8 hours. 2SD|ii of this pre^uHura were then transfienred Into a 1l-flask 
35 containing soo ml of optimised medium. This second pr»-cultur9 uras transferred into a 20 
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i-fennenter containing 12 litres of optimised medium efier 16 h of fnaubafion at SO^'C m 
130 rpm. 

The composfUon of the optimised medium (Jacques et af., ^p|. Biochem. Biotedi., Vol. 
5 77-79, 223-233,1999) is presented in Table 3. 



Table 3 : Composition of optimised medium 



Peptone de oas^ine N1 (Organo-Technte} 


30g/i 


Sacdian^se (RafRneries tirlemontoisas) 


ZOg/l 


Yeast extract (Oigano-Technie) 


7gn 


KH2PO4 (IWerck) 


1.9 g/t 


CUSO4 (Merck) 


0.001 mg/l 


FeCls.6H20 (AAercK) 


0.006 mg/i 


Nali/lo04 (Merck) 


0.004 mg/l 


Kl(MeroK) 


0»0Q2 mg/l 


l^nSQ4.H^ (Merck) 


3.6 mg/l 


IUI9SQ4 (Mercic} 


0,4s mg/l 


ZNSO4.7H2O (Wlerck) 


0.014 mgfl 


HaBOa (IWerck) 


0.01 mg/l 


Citric acid ((Menck) 


10 mg/l 



The fermenter used (BIOLAFITTE) fs controlled by an eleorronlc control unit for monitoring 
10 and automatically oon^cting the temperature, and the pH. It was equipped vAth tiiree 
Rushton turt)ines (TD4) with a diameter of 10 cm. Their positions from the bottom of the 
recipient are : 1 0, 20 and 30 cm. 

The fermenter canteiinfng the optimised culture medium was sterilised in situ during 30 
IS min at 121*C.The Initial fermentation conditions were : temperature : 30 *C. pH : 7. stirring 

: 200 rpm. These parameters were kept constant automatically throughout the 
fermentation period and, in particular, tile pH was kept at 7 by the addWon of H3PO4 3N or 
NaOH 3N. 

20 THe aeration rats waa InfBalty fixed at 6 Wnim After 7 hours, fbam appeared and was 
continuously colleded from the femiemar up to 23 h of culture. During this period, alr 
supply waa split between air inlet by the top of the fermenter and air iniet by the base of 
the ferrrienter. The collecting foam represented a volume of 1 3 1. 
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Alter 23h of culture, aemHon by the base of the fennenter was oompietety closed, in such 
a way that the culture (s under nnicroaerobfo canclltfon& The fermentation period wae 72 h. 

At the end of the fBrmentatjcni biomass was detennfned by optical density at 600 nm, dry 
weight and cell counting. Qualttatlve and quantitative analysis of lipopeptfdee In the foam 
and in the culture medium were performed by HPLC wtth on-line UV/ELSD (Evaporative 
Light Scattering petecior) detection. 



10 



IS 



20 



25 



The HPLC system used Is a Waters 2690 Alliance System, wtth thennostatised auto 
sampler and column oven, a Waters 896 PDA UV detector and an Alltech Et8D detector. 
The column fa a Waters C:18 Spherisorb, SS OE3S2, f.d. 4.6 mm and length 25 cm. The 
process conditions are aa follows : flow : Iml/min, temperature : ao^'C, 214 nm ; » 
264 nm and Tic" 280 nm (simultaneous detection) . The gradient used is given in Table 4« 
where ACN stands for aoetonitille and TPA for trifluoroacetic acid. 

Table 4 : l^PLC gradient for the analysis of (ipopeptides 



nme (min.) 


0 


2 


26,5 


28,5 


30.5 


55.6 


60,5 


65.5 


50,5 


92,6 


100 


110 


115 


%ACN 
+ 0.05%TFA 


35 


35 


60 


50 


60 


65 


66 


65 


85 


100 


100 


35 


35 


% water 
+ O.OS%TFA 


65 


65 


SO 


50 


40 


35 


35 


16 


16 


0 


0 


65 


65 



The process is a global determination method, which allows to detect In one run the three 
families of iipopepQ4es contained in the culture medium or In the foam (surfactins, Iturins 
and fengycina). This method wilt be oRen used to control the percentekge of recovery or 
(Ipopeptides In all samples. F^esults ans presented in Table 5. 

Table 6 : Biomass and lipopeptide concentrations at the end of the culture for the culture 





Culture nnediuTn 


Foam 


Optical dapslty (600 nm) 


11.8 


Nd 


Dry weight (g/l> 


5.97 


Nd 


Cell counting (cfu/mi) 


2.2 10' 


Nd 


tturin concentration (mg/l) 


344 


1400 


SurfacUn concentration (mg/l) 


24 


2600 


Fengycin concentration (mg/l) 


423 


1S00 



Similar resuite have been obtained with the strain BaoBfus subtiffs ATCC 7067. 
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2. Extractfon of CTUde liPdPentide lyiixture 

The extraction of lipopeptides Is perfomied either on tiie fbanrt or on ths cuihire medium. 
The extraofion procedure Is ^oUy ttie same whatever the origin of the sample. 

5 

Wh^ li&nnentaiion Is over, ttie bforeador te emptied end the culture medium collected, 
and bentrffUged at 2740 g during 45 minutes. This allows to remove quite 99 % of the 
Baoillus cells tarn the culture medium to stmpflfy the further extraction and purfflcatfon 
procedures, 

10 

The centrifuge supernatant is collected and the centrifuge residues are ex&acted twice 
with 50mi of methanol, to detemilne the elTectlve concentration of lipopeptides. 

Extraction consist of shaking, during 30 minutes, with 50 ml of methanol and further 
15 c^trifugaflon. The two methanoiic phases are pulled together and evaporated to dryness. 

The evaporation residue is re-dissolved In a l<nown volume of methanol. 

HPUC. wi^ on*IIne UV/EL8D (Evaporative Light Scattering Detector) detection is 
performed on the extract and on the centrifuged mefrianoHc phases, according to the 
20 method described in Table 4 to control the recovery of lipopeptides. 

The supernatant Is then passed through an ultrafiltration hollow Fibre membrane system. 
Uitrafiitration plays an important role in the lipopeptides recovery as large volumes of 
media can be processed rapidly at low cost 

25 

The ultrafiltration process comprises three steps. The first step is caiied the concentration 
step. The llpopeptldBs are present fn the solution as miceffes, the size of which is greater 
than 10,000 iDa (between 30.QO0 and 50.000 Da), so that they are easily retained on a 
hollow membrane fibre which has & cut -off of 10.000 Da. The lipopeptides thus remain In 
30 the retentate contained in a tank. 

HPLC, with the same apparatus and gradient as presented above, is performed on an 
aliquot of both the retentate and the pemieate in order to control the percentage of 
lipopeptides In each fk^ctlon. 

35 
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A second step, called diailKratton step Is perfoimed. Its principle is to add a Known 
quantity of water In order to get the same value as at the b^lnning of Ihe concenfratlon 
step, to the remaining retenlate. Filtration according to the same method Is performed. 
Ttie diafrttration process fs applied two or three times, to wash out the small molecules, 
S such as salts, small peptides and the like. 



The third step fs the permeation step. An organic solvent is added (volume/volume) to the 
retentate to destabilise the micelles in monomers. These monomers are of course smaller 
(quite about 1.000 Da) and can easily pass throu9h tha hollow fibre membrane of 10.000 
10 Da cut-^ff. The high molecular weigh molecules, such as proteins or carbohydrates are 

retained in the retentate, while llpopeptldes are present in the pemne^, which is 
collected. 



Once again HPIC is performed on each fraction, to checlc the percentage of llpopeptldes. 
15 The global performance of this system is about SOrSS % recuperation. The penneate is 

then e\faporated (using a BQch] Y\Ue rotavapor) tdl all the organic solvent has disappeansd 
and then lyophlllsed (using a freeze dryer at-50**C under 47.10"^ M Pa ). 

The product obtained at the end or the extraction process is a cotde iipopeptide mixture, 
20 which Is under the fomi of a powder. This product may find applications In the agro-food 

industry, oil industry, cosmetics, and pharmacy. 



3, Purtlicatten 



2S The first purification step allows to obtain fractions of each family of llpopeptldes. The 

second purification step allows to separate each homologous in each family. 

The samples are prepared by re-dlssojution of the crude llpopeptid© mixture (0.2 to 0.7 g) 
in mO water (volume from 1.5 up to 3 ml), and placed In an ultrasonic bath, with a power 
30 not higher than 120 Watts, during 2-3 minutes. 



Purification technique 



The purification proeass is based on the column chromatography elution system, with 
3S octadecylsllicagel (ODS, Varian Bondesli C:18, 40pm, U,S.A.) as stationary phase. The 

chromatography system Is a flash Chnomatography Assembly, provided by SIgma-AIdrich. 
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The work pressure Is beiutfeen 0.5 and 1.5 bans. 30 g ctf OD8 are utilized for purif}t»tion 
of 0.2 to 0.7 g of crude Hpopeptide mixtura These 30 g are poured In Ihe column earefUtly 
in order to get a p\ane surface. Four filter papers Wattman n'*1 are placed on top of the 
phase. The stationary phase In then otnditloned with 80 ml of metiianol and then with 60 
S ml of mQ water. After, the sample Is placed on top of the oolumn, and left to penetrate the 

gel for about 1-^ minutes. Upopeptldes are than eluted utilizing a gradient of acetonltrtle 
(ACN) : water : trifluoroacstic acid (TFA), Acetonltrlie is HPLC grade provided by SharlaO. 
water is mQ MIIIIporB and TFA is pure for synthesis, provided by SDS. The gradient Is 
described below, in Table a FracUons of about IQml ate collected. 

10 

Table 6 Gradient used In Flash ^romatography 



CompostUon mix 


%ACN 

+0.1 % TFA 


%HjjO 
+0.1 % TFA 


Volume (ml) 


1 


15 


85 


100 


2 


30 


70 


200 


3 


40 


60 


200 


4 


50 


50 


10O 


5 


65 


35 


200 


6 


85 


15 


200 



At the end, 100 ml of pure methanol (HPLC grade, ShariaQ) are passed through the 
column, in order to remove Upopeptldes which could not liave been desoibed of the 
IS column. An aliquot of each 10 ml fraction is passed on HPLC, to determine in which tubes 
Upopeptldes are present Tubes containing lipopeptides of b same Hpopeptide family 
(either surfacBn, or Hurin orfiengyc^) are than pulled together, e^raporated and iyophilised. 

The three products obtained are respectively an iturina mixture, a fangydns mixture, and a 
20 surfactlna mixture, purified up to 55-90 %. 

The homologous molecules of surfactlns (SCI 3, SC14 and SCI 5) and fengycins (FAC16) 
are respectively Isolated from the above-mentioned surfactlns ml)rture and fengycins 
mixtures by reversed phase chromatography using a Chronnspher Sum C18 column (1 x 
25 26 cm, ChrompaoK. MIddelbuig, The Netherlands). 
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The following conditions are used: flow rate at 4 mlMiIn, ACN : HaO : TFA 0.05% as 
mobile phase under isocratlc candftfons forsurfaotin (85% ACN + 0.05% TFA) and under 
tfie following gradient for fengycins: 



Time (min) 


0 


SO 


43 


AcetDnlWIe -i- 0.05% TFA 


60 


66 


65 



The detBi^'on perfomied at 214 and 280 nm simuftaneousfy. 

Fractions are collected by hand fn glass ftibes. Several fttiectfons are carried out before 
pooling the similar fractions. Evaporation of the solvent is performed w'th a BOchI like 
10 rotavapor. Fractions are then lyophillsed and submitted to purt^ control tests. 

At the end of this step, four different compositions containing each one of the follovwing 
molecules are obtained: 

- SC13: surfactln with an Iso-brandhed p-hydroxyled fatty add chain containing 13 carbon 
15 atoms 

- 8C14: surfaoun viAh a linear p-hydn>xyled fatty atiid chain containing 14 carbon atoms 

- SC15: surfactln with an l6o4?ranched p-l^roxyled add chain containing 15 carbon 
atoms 

^ FAC16: fengycin A with a p*4iydroxyied fetty add chain containing 16 carbon atoms 

20 

Each of these homologous Is a product with a very high added value. 
4, Characterisation 

Famtiles and homdogous of Hpopeptlcies are then characterised. This characterfsatlon Is 
canned out by fbur different methods 

1) HPJnC UV/ELSD characAertsatjon by co^rfiromatography with standards of each femHy, 
30 The method used has already been described in table 4. 

2) Surface tension measurement, using either a Tenslmat™' or a I^uda TVT, 
Upopeptides are sduWIIsed (n an aqueous buffer solution (pH 8.5 for surfactlns, pH 



.2002 15:57 081614544 FUSfiG BIB no«« 

NS153 P.SZyAS 
^\ 013 20.12.2002 14 

IS 

lO^ttnes) an ateo needed to establteh the pmll. eharaclerisBc cu,v» of Ita 
««us the dlU^aone. TOese c™e a« ften «.,npa»d w«h 

S) Oonwortto h einho aoWe. Chemfaa fcnnulae of the oj,* llpopeptldee rtnas am 
known, awtlhemrniber of «nH»ac»to,»k»«„^dom«dfbrea*Zl^^ 

An addle hvdn.ly8ls «««». HCI 6.0 N ♦ 0.1% phenol Ib canted out 1 mg of ™, materta. 

B*ra»tte atmosphere in the tube (no allow*, io«to- me enoew.) TI» 
lutoaarBthenheetedat110-Cdurfna24hogra, ™ 

HCUe a^po^ ^^uum. In the cooled tuba, an l„,own .olume of . 
norteucin. I. then «.dad at a kno«„ c«,cent™tlon. The lubes a,a vortexed fbr io 
and ea«rtj«ed 6 minute, a. 7«6 g. An .«,uo. of the aupan»tan.e am .hen 
collected and adMed *» PH « with MaOH 7.S N, m a 6 n,l HPLC ,ial. When pH Is 
noileuoine round 500nM/ml. M«iior 

The «,mpla Is then dltersd on 0.2 pa, (QelnM,. O^SMm fBei.) end ZOul am Wected 
in ^ an„no aoWs ane^ .steln « M J, BochL 20^ 

a"^*; T^J" ««-ct«toatlon technique pertbnned on the samptea. 
to the meauK, deaortb*! by Wlltems et al.. 2000 m J. Mass 8pect™„,.'S; 



!b^llTdT - *■ ■ " *^ "»» - '""f-PMee «a» been 

horaolcgous Which, acco«IIng «, «,« pmsant inventlcn, may be used as anlMIlta.^D«I 
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S. PiBparation cf UnearHPOPePtides 

1Vw> ways are used to prepare linear npopsptWes: tha chemical modification of the 
5 iipopepUdes synthetlBed by tiie microorganism and tha chemical synthesis. 

The first way was used to produce linearised surfactfns fiwn pura SC13, SC14 or Sets in 
which the lactone closure of the ring is broken, giving rise to a new carboxyflc group and an 
hydroxy! group. The starting products are obtained as de$(^bed above un«l having the 
10 collected and pooled HPI.C fractions. TTie solution is then neutralised with sodium 

hydroxide (fMaOH). The organic part Is evaporated with a BOchI lite lotavapor and mlllJ-Q 
water is added. 

The extraction of npopepUde from the aqueous ts perfomied by solid phase extraction, with 
a 20 ml cartridge containing 5 g ocladeoyisBlcagel as solid phase (Bond elut. varlan. CA., 
IS USA). The phase is first oondltlonBd with 20-50 ml methanol, 20-50 ml water. After 
adsorption of the product, the phase is washed with 20 ml mffll-Q water and elufed with 20 
ml methanol. 



The efuate Is reduced to 8 ml with a BOehi like rotavapor, and 12 ml of a 0.1 N NaOH 
solution are added. The reaction Is performed In a sealed tube at 37'C durfrig 14 to 22 
hours. 



HCI 1M Is added lo stop the raaetlon until having a pH of 9. The methanol contained In the 
eolutkin is evaporated. The linearised llpopeptide is than extracted on solid phase and 
25 eluted wHli methanol as described above. 



HPLC. with on-line UV detection Is performed on the methanolle solution In order to cheek 
the result of the linearisation. The conditions leed are : flow rale at 1 mf/min : column : 
Zorbax C18 Z6\m 0.4S x 16 cm (Agilent, Wilmington. DE. USA) ; detectkin Is perfbrmed at 
214 nm and 254 nm ; the following gradient Is used as mobile phase. 



Time (min) 


0 


30 


36 


Acetonitrile + 0.0S% TFA 


60 


85 


85 


Water + 0.05% TFA 


40 


15 


16 



The linearisation of.surf^oKn gives two products In which linear surfactin is the moat 
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Important peak and the first to be elutsd with the HPUC condition descdbed above. 

TTie linear^ surfactfn Is purWed by preparative HPUC using a Chromapher Bism C18 
column (1 X 26 cm. Chrompack, Middelburg. the Netherlands). The detectton is performed 
5 at 214 nm and 2S4 nm, and the other oondHtons are fn the ^Rowing table. 



Time (min) 


0 


1 


22 


Flow rate (ml/inin) 


0.5 


4.5 


4.5 


Acetonltrile + 0.1% TFA 


70 


70 


84 


Water + 0.1% TFA 


30 


30 


16 



Similar fractions from several Injections ars pooled, evaporated and lyophlllsed. 

10 Products obtained are 

-L8 13 : linearised aurfectln, with an iso branched fr-hydraxylated ftitty add chain 
containing 13 carbon atoms and with a linear peptlcte part. 

-L8 14 I Ilneartaed surfactin, with an linear iJrhydroxylated fatty add chain containing 14 
carbon atoms and with a linear pepMde part. 
3.5 "1^ 15 : linearised surfactin. with an Iso branched B-hydroxylated ffeitty add chain 
containing 1 5 carbon atoms and with a linear peptide part. 



The oth^ way to produce linear surfactin la the chemical synthesis. It is perfonned by 
attaching the seven amino acids one by one and a natural carboxyllc add on the last one. 
By this way, the fatty acid diain is not hydroxylated. The Fmoc (9- 
fluonsnylmethoxycartKinyl} strategy was used. 

55 ms of Wang re^n preloaded with o.9|jmol/mg Fmoo-H^udne c 100-200 iUlesh ; 
Advanced Chemtech. i-oulsvllje, KY, USA) is put In the reaction well of a 348 IWPS 
synthesiser (Advanced Chemtech, LoulsviHe. K^, USA). The resfn Is ffnsed 3 time with 1 
ml methanol (MeOH) and one time with 1 ml N-Methyl-PyroHldone (NMP). 
For each amlno-add addition, the resin and the growing peptide are treated accoiding to 
the following protocol ; 



A. Add 1 m) NMP. Shake 1 minute and remove the liquid phase. Do It three times. 

B. Add 1 ml piperldine 25% (n NMP. Shake 1 to 10 minute and remove the liquid 
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phase. Do it tmro times, 

C. Add 1 ml NMP. siiake 1 minute anct remove the liquid phase. Do it tuiro times. 

D. Add 1 ml WIeOH. Shal<e 1 minute and remove the liquid phase. Do It three times. 

E. Add 1 ml NMP. Shake 1 minute and remove the liquid phase. Do it three timed. 

5 F. Add 1.55 ml of a NIWIP / Dimethylsuffoxyde / DllsopropylBtbylamtne 82/16/2 

containing esmWI of the Fmoo-arnino^old which has to be added (Advanced 
Chemtech, Louisville. KY, USA), 66mM of HOBt (Novabfochem, Jolla, CA, USA) 
and 61 miui TBTU (/Uews corporation, laufeWngen, Switzerland). Shake 1 hour. 
Rinse the resin two times with 1 ml NWIP, This step is repeated a second time for 
10 each amino acid addition, 

G. Add 1 ml acetic anhydride 20% in NMP. Shake during 5 minutes and remove the 
liquid phase, Do it tuvo flmes. 

H. Add 1 ml NMP. Shake 1 minute and remove Qie liquid phase. Do it three times. 

I. Add 1 ml MeOH. Shake 1 minute and remove the liquid phesa, Do it three times. 

15 

The addition of fatty acid Is perfomned exactly as if a eighth amino add has to be added, 
except that solution in step F Is 130 mM fatty acid, in place of 65 pM Fmoc amino add. 

The resin is then dried, removed from the reaction wells and treated with 1 to 10 ml 
20 trffluoroacetie acid (TFA) during 1 hour. Resin is rwnoved by filtration and the solution is 

dried under nitrogen. 



The lipopeptide is resuspended wim milliQ vt/ater. shalced, and filtrated. The filtrate is 
dissolved In 1 - 10 ml methanol and HPLC Is perfonned in order to check the composition 
25 of the product. The conditions used are : flow rate at 1 mt/min ; column : ZortJax C1 8 35pm 

0.48 X 15 cm (Agilent, ) ; detection parfbnned at 214 nm and 264 nm ; and the following 

gradient as mobile phase. 



Time (min) 


0 


30 


Acetonitrile 4- 0.059{ 
TFA 


20 


100 


Water + 0.06% TFA 


80 


0 



For linear surfactin with a very long add chain ( for example 18 carbon atoms), other 
conditions are used : flow rate at 1 mVmln ; column : 214TP104 04 10pm 0.46 x 25 cm 
(Vydack. Heaperla. CA, USA) ; detection performed at 214 nm and 264 nm : and the 
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fottowrfng gradient as mobjle phase. 
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Time (mJri) 


0 


30 


AcetonitrOe >i- o.05^ 
TFA 


0 


100 


water + 0.05% TFA 


100 


0 



Time (mm) 


0 


30 


Acstonltrlle + 0.1% tf>^ 


€6 


70 


Water +0,1% TFA 


r 45 ■ 


SO 



To pur«y linear eurfedln with 18 cart»on af««ns. the foUowfng condWone are used 
Column : 214TP1022 C4 lOum 2 2 x 25 a/.««- u ^ ns are ueea. 

/ . ^ ^ «^ "-^ '«Mm ^.z X 25 cm (Vydack, Hesperia. CA, USA). Flow rafa • 23 
mi / mm. The detection is perfomied at 214 nm and 254 nm. ' 



Time (mm) 


0 


20 


AcetonitrMe + 0.0S% TFA 


1 


25 


iWeOH/HaO/TFA 
82/18/a05 


89 


76 



Once again, atmllar fracHons are pooled, evaporated and lyophiiised. 
Pi^ducte obtained are 

acrt Chain o«*u««s a to «□„„ a^ ^ , 1^ 
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The chamcterfeation of the Ifnear surftictln are perftormetj as descrilaed for the q?dio 
llpopeplltles. Rtoieover, Infrared speotroscopy Is performed using a Bruoker IFS 48 
Qpecfrometer (Karismhe, Germany). 1 mg of producl Is crushed with 100 mg kaDum 
5 bromide anhydrous. The mixfairs is dried «nd pressed to fonn a peilet The spectra is taken 
and compared with reference products. 



e.^ct8 of the nnopeptlde PTenarations on membr ane fciston induced bv ^ tilfai^ 
3L0 peptide 

A number of different systems have been developed to assay peptide membrane fusion 
activity. Large unilamellar vesicles (LUV) are appropriate model for biological membrane 
fusion. Their cunoture and their stability mlmjo suitably the cell membrane. Several 

IS dKferent techniques tbr detecting and quantifying vesicle lUslon are in common use. 

These include fluorescence assays that monitor fUsion-Cnduced lipid mMng betwasn the 
two lipid bllay^ of the membranes by obsen/ing the Inoreas© of fluorescence of a probe 
inoluded In a part of vesicles in mbcture. The dllutian of Ihe piobe by fU^on of the two 
bilayers from the two categories of vesldes causes a decrease of the self-quenching 

20 phenomenal leading to an increase Of the fluorescence mtensHy. 

Fusion requirements for simple membrane model systems such as LUV ana far from those 
known to be required for biological membranes. However, such studies undoubtedly 
contribute to a molecular description of diffierent steps of the fusion process. 

25 

Large unilamellar vesicles (LUV) preparation 

T^ftfo sets of LUV are prepared; LUV with fluorescent probe (labelled LUV) and ffee probe 
LUV (uniabelled LUV). The probe used la the octadeoyl rhodamlne chloride (R18) 
30 (Moiecuter probes. eugenB,OR). 

The first step Is the preparation of large multilamellar vesldes. For this, a mbcing of 
different lipids is operated in a round bottomed BOchl flask. • 

35 TWO lipid compositions are tested: a composition with charged lipids and a composition 

with uncharged lipids. Charged LUV contain phospholipids such as phosphatidyllnosltol 
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(PI) and phosphatfdylserine (PS) that are electrically ohaiged. The chaiged lipid 
composition renders the UUV model closer to biological membranes. 

The lipid composition, their molar ratio, the ©Jncsntr^on of Uib lipid sto<* solullona 
prepared In chtarofonri/melhanol (2/1) solvent and the teksn volume are presented In 
tables 7 and 8. for diaiged LUV and uncharged LUV respectively. 



Table 7 ; LIpW oomposition of changed UUV. their molar ratio, the concentration of the lipid 

stock solutions and the ^Ken volume. 



10 



Lipid cotnposltion 


Molar 
ratio 


Stock 
concentration 
(mg/hfd) 


Volumes for 
free probe 
LUV Oil) 


Volumes for 
labened LUV 

m 


Egg phosphaHdylcholine (PC) 
(Sigma. St. Louis. MO, USA> 


6 


10.00 


611.8 


321.6 


Egg phosphatidylethanolamirie 
(RE) (Upid products. redhHI. 
Sun^y, UK) 


6 


17.86 


280.4 


175.9 


Phosphatidyilnositoi (Pi) (Lipid 
oroducta. Redhfll. Surrev. UK) 


0.5 


10.00 


46.9 


29.4 


Phosphatldylserlne (PS) 
CAvantl) 




10.00 


165.2 


105.6 


Sphingomyalin (SIM) (Sigma, 
St L^uls. MO. USA) 


1 


10.00 


80.0 


60.0 


Cholesterol (Choi) (Sigma, St. 
Louis, MO. USA) 


1.6 


10.00 


195.3 


122.7 



Table 8: Lipid composftlon of uncharged LUV, their molar ratio, the concentration of Ihe 
lipid stock soluttons and the taken volume. 





It 


Stock " 
concantratlen 
(mti/ml) 


Volume for 
frsB probe 
LUVfrl) 


Volumeetor 
labelled LUV 


Egg phosphatidylcholine (PC) 
.(Sterna. St Louis. MO. USA) 


1 


10.00 


452 


282 


Egg phosphatldylethanolamine 
(PE) (Lipid products, Redhiil, 
Surrey. UK) 


1 


18.52 


263 


181 


Sphingomyelin (SM) (Sigma, St 
Louis. MO. USA) 


1 


10.00 


428 


287 


Cholesterol (Choi) (Sigma, St. 
Louis. MO. USA) 


0.78 


10.00 


174 


nopi 



Ftar the labelled LUV. R18 Is added at 6.18% and 6.30% of total lipid ooncenti^tfon for 
charged and uncharged LUV respectively. 



I 
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The solvent te evaporated by use csf a BQchI evaporator. Then, tfie BQchI flasks are pieced 
In a desslcator during 24 hours. After, the lipid fllma are wetted by adding 3 and 2 ml of 
buffer In the free prabe UIV flask and the (abeiled LUV flask respectively. Two 
coinpositlona of bulter are tested. One is composed by lOmM Tfis (Sigma. St. Uuls, MO. 
S USA), 150 mM NaCl (iWerck. Darmstadt. Qermany). 0.01% EDTA (IWerek, Dannstadt. 

Germany), irtjRfl NaN» (Sigma. St Louis, MO, USA) with the pH at 8.0 or 7.4, equated by 
HCf or NaCi liW solution. The other is composed by Trie base 10 mlW at pH 8.0. MililQ 
water (Water purification iWlillpore, Motsheim, France) is used to prepare the solutions. 
The flasks are then dived in a 3rc bain-marie during one hour and agitated each IB 
10 minutes. 



In a second step, lange unnamellar vesicles (LUV) are prepared from large muililamellar 
vesldes. For this, large multilamellar vesicles solutions are trenafterred from flasks to 
tubes freezing-proof to undergo 5 cycles of freezing/defrosting. The fteezing is performed 

15 by plunging the tubes in ikiuld nitrogen during one minute and the defrosting is performed 
by plunging the tubes in a ZTG bainnnarie during cdsout 2 minutea Aiter, eaoh solufjon fs 
extmded 10 times on a Upex Biomembi^es Extruder (Varicouver. Canada) through one 
preffltar dnd two stat^ted poiyoarbonate membranes with a pore size of 0.1 \m 
(Polycdrbonate filters Lipex Biomembranes, Vancouver, Canada) prevfoi^y washed 6 

20 times vtrith the buffer. 



The exact lipid conoBntratlon in the fireshly prepared large unilamellar vesicle solution is 
detemiined by the following procedure. A 30 jji and a 60^J| aliquot of each LUV sample is 
placed In assay tubes. A 30pl and a 60 pi aliquot of the bulTisr are used for oontrol. Thrw 
25 repetitions are performed. 

The aqueous solution Is evapoFatsd in an air drier (Drf-block RsherSoientiiic Techne, 
Cambridge, Ui<) warmed at eO'C. After cooling, 400 pi of perichiorlc add (Perchloric acid 
60 %, Merck Euroiab, Leuven) is added In eaoh tube. Four controls of the perchloric acid 
30 are carried out (400pl) and fbur standarel solutions constituted by sodium dihydrogen 
phosphate monohydrate (iwierck, Damistadl , Genmany) at 125 \M (400^1) are also 
prepared. 

All the tubes are then placed during 45 minutes In a sand bath (LHG) preheated at 20Q»C. 
35 A marble is put on eaoh tube to avoid the solution evaporation. Aflsr cooling, two milliliters 
of ammonium heptamolybdate tetrahydrate (Merck, Dannstadt , Gemiany) and 100 pi of 
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l-amfno-a-hycJroxjHiaphthalen&fluHionlc acid (AANS) (Merek, Darmstadt , Geimany) are 
added in each tube. The tubes are then warmed during ten minutes In a bain^arie at 
lOO-C. The solution Is cooling In an ice bath befbre measurfng the absortiance of each 
solution at 830 nm on a spectrometer lambda 40 UV/\/|8 (PeiWn^Elmer, Nonwalk, CT 
5 USA) with a silt width of 2.00 nm. Bcperiments were conducted In a 3 ml cuvette with two 
frosted sides. 

The exact lipid concentration is calculated by the following equation: 



IS 



[Lfpll{a j ■^Samplg ~ Acomm tnlt» 1 ^ 0.05 ^ 

addoonml i * 



100 



lOO-^OioI 

whsrs AsampiBi Aantntf mureri Asandafd and Apenworta aetd mm are the absorbanee of the LUV 
10 sample, of the buffer control, of tlie sodium dihydrogenate phosphate stendarel, and of the 

perchlorfc add control, respectively, x » 0.03 for SOiJl aliquot and x = 0.06 fbr 60 |j| aliquot, 
and %Chol is the percentage of cholesterol In the composition of the LUV. 



Assay of vesicles ftisbin 



Vesicles fusion Is deitemnlned by measuring the fluorescence Intensity change resuittng 
from the fluorescence of the R18 probe. Fluorescence Is monttored using fiuorimeter LS- 
BOB perWn-Elmer (Nonivailc, CT USA). Experiments are conducted In a 2 ml cuvette with 
right angle illumination. Exoitstion and emission wavelength are set at 590 nm and 6©) 
20 nm, respectively, employing a slit width of 10 nm. 300 |il of labelled LUV are mixed with 

1200p| probe free LUV. 

25mI of antHIRed-peptide agent to be tested, In solution in dimethyl suifoxyde (DMSO. 
Sigma, ®L Louis, MO. USA) at diflisrsnt comentratlons are added. 25pl of the tilted 
25 pepUde solution at a fbted concentration In DMSO ara then added. The measurement of 
fluorescence Is operated during 15 minutes. For each measurement, a bianco where the 
unlabetled LUV are replaced by buffer is canted out. This cun/e is substraded to the 
measurement cun/e. The maximal fluorescence intensity of the resulting curve is tiiken as 
data. The percenteige of vesicae fusion is calculated t^ the following equation: 

30 
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Where issnipja, liwisol IflitBiipapftrB STB the maximal Irrtenstty of fluorescence of the mix of LUV 
with ant^liited-pepticte agent and tiited peptide, of the mix of LUV with DIWSO and of the 
mix of LUV witii tllfed peptide and DMSO. respectiveiy. 

5 The 0% vesicle fusion Is detemilned by measuring the fluorescence of the mix of LUV with 

eopl of DMSO. The 100% vesicle fusion is detemiined by measuring the fluorescence of 
the mix of LUV with 26 pi of SiV tiited peptide and 25pi of DMSO. 

A control of the absence of fUsion (data not shown) in presence of anti-<tilted-peptide agent 
10 atone is c^nled out 

Results 



The abflity of tdliBd peptide to Induce intwvesiatlar lipid mixir^ of LUV is d^onstnated by 
15 measudng the increase of the fluorescence intssnslty of the R1 B ocoirring during mijdng of 
ftuorescently labelled and unlabelled population of vesicles. The dilution of the probe 
during tlie mixing induces the de^-ease of the self-quenching phenomenon 6}dsting whan 
the R18 probe is highly concentrated in the lipid medium. 

20 Fig. 1 presents as example the complete cun/e of fluorescence Intensity variation during 

the 15 minutes of measurement when the tilted peptide SiV or DMSO Is added to two 
populations of LUV in mixture. The maximum Intensity In the SIV peptide curve is 414.2 
(arii^ry unit) and 105.7 In the DMBO curve. 



25 As <»n be seen from figure 1 , SIV tiited peptide induces pronounced fusion of tabelied and 
unlabelled LUV populations, whereas the fusion of the two populations is veiy slight when 
DMSO alone is added. In presence of lipopeptides, no fiislon is obsen/ed <data not 
shown). This can explain the negative values of the lUsion pementage obtained in the 
different graphs. 

30 

An oven/lew of the d'rtferent sets of experiments carried out according to the present 
Invention with lipopeptides or, as already Icnown from the state of the art. with 
tysophosphatidyicholine Is presented in Table 9, 



35 



Table 0 : the different sets of experiments canled out vMi antl-tilted-peptide agents 
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5 



10 



15 



UJV 
comp ofiitiftH 
Charged 



25 




Buffer 



Tria lOmM 
NaCf ISOmM 



Tria lOmM 
NaCl 160 mM 



B 



SIV 



Changed 



Tris I0mlw 
■NaC) 150 mM 



8 



SJV 



Aflent_ 



^Cltt, SC14. SC13" ■ — 

Fengycfns mixture 
FAC16 

LysophosphatWyJchoflne 
Sigma, St-Louls. usa 



Fig. 



TrtsiomM" 



Qianged 



Tris lomiwr 
NaCI ISOmM 



Tris lOmM 
NaC1 160 mM 



Tris lomM 
NaCMSQiYiM 



8 



8 



7.4 



7.4 



SIV 



6iV 



SIV 



7.4 



SIV 



SC13 
FAC18 

SC13/R^Cl6i1r1) 



SC15 



8C16 

Fenoyelna mrvi.ff^ 



SC16 
I-S14 
FAC1S 

turinsAmbttufB 
Crude l}oopAp«Ho«ynl^,^ 



SC15 
FAC16 



— I 

aancfetetfa SC16 
PBftussla [FAr.ift 



6 



8 



SfV tiffed paptfda has been obtained from SYMT Cft;, /^.^ 
For fengyofns mixture and FAcie fh*. ■ l....^ 
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Fertile fliree eurfactins, the inhHaStion reaches 40-50% at concentrations around ipM. For 
the surfacQns category, the complete Inhibition is dependent on the chain of the fatty acid. 
The SC16 and 8C14 {nhit>it nearly completely the fusion at concentration near 2.4 pM 
whereas 8C13 Inhibits the fUslon at concentration superior to 4.8 pM. At these 
concentrations, Dpopeptides do not induce ^{s of the vesicles since no increaee of the 
fluorescence is observed when they are added wiOraiit tilisd peptide in the medium (data 
not shown). 

Lysophosphatldyichotine is known from the literature (Martin, I. and Ruysschaert J-M. 
Biochlmira et Biophysica Ac^ 1240 (199^ 9&-100) to have an antifUsogenlc effect. It luis 
therefore been tested as comparatlva example. One can see that at concentrations below 
1 pM. lyeophosphatidylcholine has no effect at all on the fusion percentage. A slight 
antiilisogenic activity (<50Vo) exists at concentrations between 1 and 2 pM. It Is between 
1.5 and 3.5-fold lower iJian suri^oUns activity and between 2 and 6-fold lower than 
fiengycins activity. 

The mbc of llpopeptldes from two different families (8C13 and FAC16) exerts also an 
Inhibition on the ftision (Figure 3). A synergisUe efFset between the two molecules exists, 
the value for the mix being inferior to the expected one, which Is repr^ented on the 
Figure by a white rectangle. 

The absence of charge in the lipids composing the LUV does not impede the 
antifUsogenio activity of SC16 and fengydns mixture towanSs the fusion Induced by SIV 
tilted peptide In a Trls NaCi buffer at pH 8.0 (Figure 4). The fengydns mixture and the 
6C15 inhibit completely the fusion at concentration near IpM and near 3.2pM, 
respectively. 

The absence of NaCI in the buffer does not Impede the antifusogenie activity of 8C1 5 and 
fisngyc^ns mixture when the other conditions are the same (Figure 6). The activity of Scis 
te even slightly Improved. Compleiie inhibition is reached fbr concentrations near 2pM. 

At the physiological pH (pH 7.4), the behaviour of SC16, FAC16 and iturlns A mixture 
towards the fusion of charged LUV induced by SIV tilted peptide is similar (Figure 6). At 
the concentration of 0.8pM the inhibition la superior to 60%. it reaches 90% In the case of 
FACie. The Inhibition is complete for concentration near 2.4 pM. The antifusogenie 
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activities of crude Bpopeptides mixture and am sBghtly lower. At concentratlan near 
zm the inhibition Is 40% for the cmde I^opeptidea mixture and ao% for 

in these condKlons, the mix of SC15 and FAC16 in different molar ratio develona « 

TTZT ''''^ ''''''' Of the^ 

at all tested percentages Is around 3*id higher tiian the expected one which a» 

represented by the dashed ime. ' ^ ^"^ 
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concentration near 4,8 piW. y o^^ia ai 
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2B 
CLAIMS 

1 . Us© of llpopeptlde preparations as anti-tnted-peptlde agents. 

2. Use according to ctelm 1, wherein the lipopeptide preparations comprise llpopeptldea 
5 wWch are selected trom the group consisting of cyclic and linear ilpopsptldes, their 

homologous and derivatives and mbdures thereof. 

3. Use aoconflng to dalm 2, wherein the ^ellc lipopepffdes qtb selected Item the group 
conslstir^ of surfacUns, iturins and fangyclns. 

4. Use accordbtg to dafm 3, wherein surfactlns have fonfnula(0 

10 

^-►laAi ->LLeu -►DLeu 
CH2 4** 
CH8(CHa)CH(CHa)„ CH 

O 4-UAA? ^DLsu 4-LA8P 

15 Wherein the total number of carbon atoms in the fatty add chain Is comprised between 

12 Id 17. n being comprised between 6 and 11, AA, Is Glu or Gin, AA* is Val or Ala and 
AAria Val, He or Leu. 

5. Use according to any of claims 3 and 4, wherein the swfacUns are selected from the 
group consisting In a surflactin wherein n is comprised between 7 and 8, AA, is OIu, 

20 AA4 is Val and AA? is Leu. 

e. Use according to claim 5 wherein the suriiactins are selected ftom the group consisting 
of an iso-branohed p-hydroxyled fatly add chain containing 13 carbon atoms (SCI 3). 
a auri^acttn with a linear p-hydroxyled fatty add chain containing 14 caribon atoms 
(SC14), and a suri^clln with an iso^ranched p-hydroxyied fatly add chain containing 
25 15 carbon atoms (8C16). 

7. Use according to any of claims 3 to B, wherein iturlna have fomiula Ql) 

~>LAA, -►DTyr -fDAsp 

CH8(CHa)Cfl(CHa)„ CH 
30 ^ hn f-LAA7 4-DAAe ^UAAs 

Wherein the total number of carbon atoms In the fatty add chain is comprised 
beiween ftom 13 to 17, n being comprised between 6 and 10, AA^ Is Asn or Asp, AA4 
is Gin. Pro or Ser, and AAa is Pni, Glu, 6r Gin. AAa Is Asn or Ser, and AAr is Ser, Asn 
orThr. 
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8. Use aocordlng to any of claims 3 antj 7. wherein the fturins are selected from the 
group consIsHng In an Iturin wherein n Is eomprissd between 7 and 10, AAi is Asn, 
AA4 is Gin, AAs is Pro, AAa is Asn and AAr is Ser. 

a Use according to olaim 8 wherein the iturlns are selected from the group consisting of 
5 a linear p-amino fatty add chain containing 14 carbon atoms (IC14), an rturin with an 

iso-branched p-amino fatty add chain containing 16 carbon atoms (ICI6). an iturin 
with an iso-branohed or linear p-amino tktty add chain containing 16 carbon atoms 
(ici6), an iturin with an anteiso^nched p-amino fatty add chain containing 17 
carbon atoms (IC17) 

10 10. Use according to any of daims 3 to 9, wherein fsngydns have formula (III) 

CH8(CH2)nCHOH(CHa)CO->L Glu -►D Om AA9 ->D Alio Thr -K G|u ->l> AAa 

I 4^ 
O "f-L ile 4- AAa i-L Gin i-L Pro 

wherein the total number of carbon atoms In the fatty acid chain is comprised between 
15 from 12 to 18, n being comprised between 8 and 14, AAa Is D Tyr or L Tyr, AAs Is Val 

or Ala, and AA^ is L Tyr or D Tyr. 
11. Use according to claim 10, wherein fangydn is fengycin A with a p-hycfiroxyled f^tty 
add chain containing 18 carbon atoms (FACia). wherein AAs is D Tyr. AA a is Ala and 
AAaisLTyr. 

20 12. Use according to any of the preoedlin] d^ms, vi^erein the ilpopeptide prepattitions 
comprise at least Iwo ilpopspUdes. 

13. Use according Id daim 12, wherein the iipopepHdes belong to diflerent Rpopepttde 

families. 

14. Use acconJIng to dafm 13, wherein one of the llpopeptldsa is selected from the group 
25 consisting of SC1 3 and SC1 5 and the other lipopeptide is FACie, 

15. Use according to any of the preceding claims, wAierein the lipopeptldes have been 
obtained by a method chosen from biosynthesis by a micro-organism, chemical 
synthesis and chemical modfficatlons of blosynthetleed lipopeptldes. 

16. Use according to daim 15, wherein the micro-origanism is chosen from the group 
30 oonslsflr^ In PsBuaomonas spp, BaaWus spp., Ar^ndiseter spp, StrBptomyoes spp., 

Seirstm spp., Gft/conobader spp.. and Agrobaatetlum spp. 

17. Use according to daim 16, wherein the spedi^ are chosen from IJie gnoup condsHng 
of B&gBIus subtBIs, BadUua IfchenKbrmls, and BetolHua globigB. StrBptomypBs 
aumntfaous, Arthrobaotsr MIS 38, Setmia man:esoena, Gluoonabaoter oerinu, and 

35 AgmbaoteriumUime^toiens 
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18. Ubs according to cfaim 17, wherein fhe BaoWua subtBis is a strain ciiosen from the 

group consisting of ATCC 7067 and 8498. 
18. Process for the production of a I^opeptide preparation acconding to ar^ of ^ims 15 

to IB, wliioli comprises an awbie step foltowed by a micraaerobic step, 
20. Process aooording to daim Id, vuhich produces a foam containing a concentrated 

mixture of diifensnt iipopepfide famines 
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/ABSTRACT 



NevBl uaeof lHaopflPtide nranataMni^ 

5 



The present invenHon relates to the use of llpopeptiGte preparations as anfi-WtBtj-pepBde 
agent, Which are able to Inhibit or limit the destabillsatlan effect of tlHed pepUdes on 
hydrophoblc/hydrophilio tnterfaees, tor Instance on membranes. The IlpopepUdee 
comprise eurfiaotins. Hurins, and fengyoins. It also retatra (o a process for the produetian 
of the iipopeptide preparEdjona. 
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